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Frustration manifests in the double perovskite (DP) lattice A2BB’O6, in
which the antiferromagnetically correlated B’ ions comprise a network of edge-
sharing tetrahedra. Perovskites may be synthesized with most elements from
the periodic table, enabling systematic studies of frustration as a function of
structural distortion, lattice parameter, ionic size, moment size, and spin-orbit
coupling (SOC), for example. The latter, in particular, has been explored by
Chen et al. [1,2], who found that sizable SOC in d1 and d2 systems yields rich
phase diagrams with diverse ground states.

Here we report inelastic neutron scattering and muon spin relaxation (µSR)
experiments on the undistorted DPs Ba2YRuO6 [3] and Ba2CaOsO6 [4], finding
evidence for long-range order in both. Ba2YRuO6 (4d3 Ru5+), orders antiferro-
magnetically with TN = 47K (although ΘCW = −522K, so f = 11) and exhibits
a 4 meV gap below 36K; such a gap is unexpected for an d3 orbital singlet and
suggestive of exotic physics induced by SOC. Ba2CaOsO6 has been found via
susceptibility, heat capacity and µSR measurements to exhibit long-range order
below 50K (ΘCW = −150K, f = 3), consistent with theoretical expectations,
although the precise long-range nature of the ground state has not yet been
determined.

Both compounds are isostructural to Ba2YReO6 [5] and Ba2YMoO6 [6]. The
latter (4d1 Mo5+) system possesses a singlet low-temperature state with a 28
meV gap. While Ba2YReO6 is isoelectronic to Ba2CaOsO6 (Os6+ vs. Re5+,
both 5d2 and neighbors in the periodic table with similar λSOC ∝ Z4), the
rhenate exhibits a disordered spin-frozen ground state below 50K, in contrast
to theoretical predictions, despite a lack of evidence for structural disorder.
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